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METHODS AND SYSTEMS FOR HYBRID INTERFACES 
FOR OPTICAL COMMUNICATIONS 



FIELD OF INVENTION 

5 [0001] This invention relates generally to optical communication networks and, more 
particularly, to methods and systems for providing hybrid data stream interfaces 
between different optical communication systems, e.g., terrestrial systems and 
submarine systems. 

10 BACKGROUND OF THE INVENTION 

[0002] From the advent of the telephone, people and businesses have craved 
communication technology and its ability to transport information in various formats, 
e.g., voice, image, etc., over long distances. Typical of innovations in 

15 communication technology, recent developments have provided enhanced 
communications capabilities in terms of the speed at which data can be transferred, as 
well as the overall amount of data being transferred. As these capabilities improve, 
new content delivery vehicles, e.g., the Internet, wireless telephony, etc., drive the 
provision of new services, e.g., purchasing items remotely over the Internet, 

20 receiving stock quotes using wireless short messaging service (SMS) capabilities etc., 
which in turn fuels demand for additional communications capabilities and 
innovation. 

[0003] Recently, optical communications have come to the forefront as a next 
generation communication technology. Advances in optical fibers over which optical 
25 data signals can be transmitted, as well as techniques for efficiently using the 
bandwidth available on such fibers, such as wavelength division muhiplexing 
(WDM), have resulted in optical technologies being the technology of choice for 
state-of-the-art long haul communication systems. 

[0004] Depending upon the relative locations of the data source and the intended 
30 recipient, optical data signals may traverse different optical communication systems in 



their path between the two locations, e.g., for trans- Atlantic data connections. For 
example, optical signals may traverse both a terrestrial optical communication system 
and a submarine optical communication system. As shown in Figure 1, a terrestrial 
signal is processed in a WDM terminal 12 of a submarine optical communication 
system 10 for transmission via optical fiber 14. For long haul optical 
communications, e.g., greater than several hundred kilometers, the optical signal is 
periodically amplified to compensate for the tendency of the data signal to attenuate. 
Therefore, in the submarine system 10, line units 16 amplify the transmitted signal so 
that it arrives at WDM terminal 18 with sufficient signal strength (and quality) to be 
successfully transformed back into a terrestrial signal. 

[0005] Conventionally, erbium-doped fiber amplifiers (EDFAs) have been used for 
amplification in the line units 16 of such systems. As seen in Figure 2(a), an EDFA 
employs a length of erbium-doped fiber 20 inserted between the spans of conventional 
fiber 22. A pump laser 24 injects a pumpmg signal having a wavelength of, for 
example, approximately 1480 nm into the erbium-doped fiber 20 via a coupler 26. 
This pumping signal interacts with the f-shell of the erbium atoms to stimulate energy 
emissions that amplify the incoming optical data signal, which has a wavelength of, 
for example, about 1550 nm. One drawback of EDFA amplification techniques is the 
relatively narrow bandwidth within which this form of resonant amplification occurs, 
i.e., the so-called erbium spectrum. Future generation systems will likely requke 
wider bandwidths than that available fi-om EDFA amplification in order to increase 
the number of channels (wavelengths) available on each fiber, thereby increasing 
system capacity. 

[0006] Distributed Raman amplification is one amplification scheme that can provide 
a broad and relatively flat gain profile over a wider wavelength range than that which 
has conventionally been used in optical communication systems employing EDFA 
amplification techniques. Raman amplifiers employ a phenomenon known as 
"stimulated Raman scattering" to amplify the transmitted optical signal. In stimulated 
Raman scattering, as shown in Figure 2(b), radiation from a pump laser 24 interacts 
with a gain medium 22 through which the optical transmission signal passes to 
transfer power to that optical transmission signal. One of the benefits of Raman 



amplification is that the gain medium can be the optical fiber 22 itself, i.e., doping of 
the gain material with a rare-earth element is not required as in EDFA techniques. 
The wavelength of the pump laser 24 is selected such that the vibration energy 
generated by the pump laser beam's interaction with the gain medium 22 is 
transferred to the transmitted optical signal in a particular wavelength range, which 
range establishes the gain profile of the pump laser. 

[0007] Regardless of the amplification technique(s) employed, mechanisms are 
provided for, e.g., organizing the information in the optical signals, providing 
capacity management and activating backup protection schemes, typically by way of a 
protocol layer, e.g., Synchronous Optical Network (SONET). Among other things, 
SONET standardizes the rates at which data streams are transmitted via optical data 
signals using the Optical Carrier (OC) system. For example, an OC48 data stream 
carries data at a rate of about 2.5 Gb/s (mcluding overhead) and an OC192 data 
stream carries data at a rate of about 10 Gb/s (again including overhead). Many of 
today's WDM optical communication systems transmit OC192 data sti-eams over each 
chaimel. 

[0008] To prepare terrestrial optical signals for transmission over a submarine optical 
network, or to prepare submarine optical signals for transmission over a terrestrial 
network, an interface between the terrestrial optical signals and the submarme optical 
signals is typically provided. Today's interfaces typically provide for the 
transmission of terrestrial optical signals over a submarine optical system using 
OC192 data streams. As development of optical systems progresses, and demand for 
bandwidth increases, it is envisioned that the communications market may progress 
from coimnon usage of 10 Gb/s data streams (OC192) to common usage of 40 Gb/s 
data streams (OC768). During the transition period, it is likely that both data rates 
will be commonplace in optical communication systems. 

[0009] Accordingly, it would be desnable to provide an interface between optical 
communication systems, e.g., terrestrial and submarme, which is capable of handling 
different data rates, in particular OC192 and OC768. Moreover, it would be 
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desirable that such interfaces be relatively transparent to the systems being interfaced 
and use common components for ease of manufacture and cost savings. 



BRIEF SUMMARY OF THE INVENTION 

[0010] These, and other, drawbacks, limitations and problems associated with 
5 conventional optical communication systems are overcome by exemplary 
embodiments of the present invention, wherein a hybrid OC192/OC768 interface is 
provided. According to one exemplary embodiment of the present invention, an 
optical communication system includes at least two terminal units connected to one 
another by at least one optical fiber, a plurality of line units connected to the at least 
10 one optical fiber for amplifying optical signals propagating therethrough, and an 
j| interface, comiected to each of said at least two terminal units, adapted to process 
Jt; both OC192 data streams and OC768 data streams. 

[0011] At the transmit side, an interface can include a first input port for receiving a 
N' first data stream at a fkst rate; a second mput port for receivmg a second data stream 
□ 15 at a second rate, wherein the second rate is different than the first rate; a first 
JJ processing branch for receiving the first data stream, the first processing branch 
£ including: a demultiplexer for dividing the first data stream into a plurality of third 
data streams at a third rate which is less than the first rate; a forward error correction 
(FEC) unit for adding a forward error correction code to each of the plurality of third 
20 data streams to generate FEC encoded data streams; and a multiplexer for combining 
the FEC encoded data streams to output a composite FEC encoded data stream at 
substantially the fu-st rate. The mterface can also include a second processing branch 
for receiving the second data stream, the second processing branch including: a 
demultiplexer for dividing the second data stream into a plurality of fourth data 
25 streams at a fourth rate which is less than the second rate; a forward error correction 
(FEC) unit for adding a forward error correction code to each of the plurality of 
fourth data sti-eams to generate FEC encoded data sti-eams; and a multiplexer for 
combinmg the FEC encoded data stieams to output a composite FEC encoded data 
stream at substantially the first rate. 



[0012] At the receive side, an interface according to the present invention can include 
a first receive processing branch for receiving a first data stream at a first data rate, 
the receive processing branch mcluding: a demuWplexer for dividing the first data 
stream into a plurality of second data streams; a forward error correction (FEC) unit 
for removing a forward error correction code associated with each of the second data 
streams to generate FEC decoded data streams; and a multiplexer for combining the 
FEC decoded data streams to output a composite FEC decoded data stream at 
substantially the first data rate. The receive side interface can further include a group 
of second receive processing branches, which receives a plurality of third data 
streams at said first data rate, and includes: a demultiplexer for dividing a respective 
third data stream into a plurality of fourth data streams; a forward error correction 
(FEC) unit for removing a forward error correction code associated with each of the 
fourth data streams to generate FEC decoded data streams; and a multiplexer for 
combining the FEC decoded data streams to output a composite FEC decoded data 
stream at a second data rate greater than the fu-st data rate. 

[0013] According to another exemplary embodunent, an optical communication 
system includes at least two terminal units connected to one another by at least one 
optical fiber; a plurality of line units connected to the at least one optical fiber for 
amplifying optical signals propagating therethrough; and an mterface, connected to 
each of the at least two terminal units, adapted to process optical data streams at both 
a first rate and a second rate different than the fnst rate. The first rate can be OC768 
and the second rate can be OC192. 

[0014] According to still further exemplary embodmients, methods for interfacing 
optical communications systems include the steps of: receiving, from a furst optical 
communication system, a data stream at a first rate; providing the data stream to a 
processing branch associated with the first rate; dividing, in the processing branch, 
the data stream into a plurality of slower data streams; encoding each of said plurality 
of slower data streams; combining the encoded, slower data streams into a composite 
data stream; and transmittmg the composite data stream over a second optical 
communication system at a second rate which is different than the first rate. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] Figure 1 is a schematic diagram of an optical communication system in which 
5 the present invention can be implemented; 

[0016] Figure 2(a) is a conceptual diagram of a conventional erbium-doped fiber 
amplifier; 

[0017] Figure 2(b) is a conceptual diagram of a conventional Raman amplifier; 
[0018] Figure 3 is a block diagram of a conventional interface for OC192 data 
10 streams; 

[0019] Figure 4 is a block diagram of an exemplary transmit side interface according 
to an exemplary embodiment of the present invention; 

[0020] Figure 5 is a block diagram of an exemplary receive side interface according 
to an exemplary embodiment of the present invention; 
15 [0021] Figure 6 is a graph depicting exemplary time differences associated with 
channels that convey portions of an OC768 data stream; and 
10022] Figure 7 depicts another exemplary embodiment of the present invention. 

DESCRIPTION OF PREFERRED EMBODIMFNTS 

20 [0023] In the following description, for the purposes of explanation and not 
limitation, specific details are set forth, such as particular systems, networks, 
software, components, techniques, etc., in order to provide a thorough understanding 
of the present invention. However, it will be apparent to one skilled in the art that the 
present invention may be practiced in other embodiments that depart ft-om these 

25 specific details. In other instances, detailed descriptions of known methods, devices 
and circuits are abbreviated or omitted so as not to obscure the present invention. 

[0024] A block diagram of a conventional interface which supports only OC192 data 
streams is shown in Figure 3. Therein, an incoming OC192 data stream, e.g., from a 
terrestrial optical system, is transformed fi-om an optical signal mto an electrical 
30 signal for further processing at O/E unit 30. Next, the OC192 data stream is 
demultiplexed, e.g., by a factor of 16 mto 622 Mbps data streams, at block 32 
(Demux). This demultiplexing operation provides the forward error correction (EEC) 



unit 34 with data at a rate that is commensurate with its internal processing speed. 
Once the error correction code has been added, e.g., a block code or a convolutional 
code, the data streams are then multiplexed back together into a substantially OC192 
data stream (plus FEC redundancy) by multiplexer (MUX) 36. Additional 
processing, e.g., conversion from the electrical domain back into the optical domain, 
modulation, etc., is performed by transmitter (TX) 38 prior to the wavelength 
channels associated with each of the OCX 92 data streams being combmed by 
wavelength multiplexer 39 to generate a WDM signal that is coupled to the optical 
fiber of the submarine system. Those skilled in the art will appreciate that any 
number of transmit chains can be employed in the interface of Figure 2. A sunilar 
receive interface is provided in the terminal 12 or 18 to process received optical 
signals and remove the error correction coding from the incoming data streams. 

[0025] As mentioned above, future optical communication systems may require 
support not only for OC192 data streams, but also for OC768 data streams. At the 
same tune, it would be desirable if the support for both OC192 and OC768 data 
streams was transparent through much of the system to avoid the complexity 
associated with designmg two substantially different networks for handling the 
different types of data streams. 

[0026] These objectives, and others, are achieved by way of interfaces according to 
the present invention, an example of which is seen in Figure 4. Therein, an 
exemplary OC192/OC768 transmit side interface is depicted with a number of OC768 
and OC192 data streams being received at switching unit 40. Switching unit 40, 
which can comprise one or more optical switches or optical cross-connects (OXCs), 
switches incoming OC192 data streams to an OC192 transmit processing branch, 
e.g., transmit processing branch 42, and switches incoming OC768 data streams to an 
OC768 transmit processing branch, e.g., transmit processing branch 44. By using 
transparent, all-optical devices for switching unit 40, the same switch/OXC can be 
used for different incoming data rates. As discussed below, each OC768 transmit 
processmg branch includes a group of processing sub-branches. Those skilled m the 
art will appreciate that an actual implementation will typically include many more 
transmit processing branches. 



[0027] The OC192 transmit processing branch can be implemented as described 
above with respect to Figure 2 and, therefore, is not further described here. An 
OC768 data stream is O/E converted at block 46 and then demultiplexed in stages 48 
and 50 into a plurality of data streams having a data rate that is commensurate with 
the processing speed of FEC units 52. The selection of a particular FEC unit, and its 
corresponding processing speed, will vary based upon commercial availability, 
desired redundancy and performance considerations, such that the data rate of streams 
output by demultiplexer 50 can vary. However, for this example the FEC units 52 
operate on incoming data streams at a rate of 622 Mbps. 

[0028] Thus, for this exemplary embodiment the incoming data stream is 
demultiplexed into 64 622Mbps data streams. Although this is shown in Figure 4 as 
being performed in two stages, e.g., from one OC768 data stream to 4 OC192 data 
streams to 64 622 Mbps data streams or from one OC768 data stream to 16 OC48 
data streams to 64 622 Mbps data streams, those skilled in the art will appreciate that 
more or fewer demultiplexing stages can be used depending upon, e.g., commmercial 
availability of demultiplexers for the desired rates. 

[0029] Each group of 16 622 Mbps data streams which is output from demultiplexing 
stage 50 is input to a respective FEC unit 52 wherein an error correction code is 
added thereto, e.g., a block code or a convolutional code. An FEC encoded data 
stream is then output from each FEC unit 52 into a 16:1 multiplexer 54 wherem it is 
recombined to output a composite FEC encoded data stteam which is somewhat 
greater than the OC192 rate. For example, if the FEC units 52 add redundant bits at 
a rate of about 15% of the original OC192 data stream, then the output of 
multiplexers 54 will be about 11.5 Gb/s instead of 10 Gb/s. FEC units which add 
more or less redundancy than 15% may also be used. For the purposes of this 
description, references to "about" or "substantially" a particular data rate will be 
understood to refer to the respective data rate plus additional overhead including, but 
not limited to, FEC bits. The four composite FEC encoded data streams which 
comprise the original OC768 data stream are then processed in respective transmit 
units 56 for transmission on individual channels (wavelengths). The four channels 
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are then combined into a WDM signal, along with other OC192 channels, in WDM 
multiplexer 58 for transmission over an optical fiber. 

[0030] To provide orderly processing of signals which are used by the optical 
communication system to transport OC768 data streams, groups of channels can be 
designated for this use. For example, if the optical communication system has 200 
channels and each OC768 data stream uses four channels, then 100 channels can be 
designated for use in carrying OC768. Of course the number of channels so 
designated can be specified in accordance with projected demand for OC768 vs. 
OC192 data streams and, accordingly, will vary. 

[0031] One of the features of hybrid interfaces according to the present invention is 
that each of the processing branches within the group of processing branches that 
handles an OC768 data stream (in this example four processing branches) can use the 
same FEC unit, multiplexer and transmitter as in the processing branch handling the 
OC192 data stream. This simplifies manufacturmg of the interfaces (and terminals) 
and permits the majority of the system to handle the channels which carry portions of 
an OC768 data stream m the same way as it handles the channels which carry 
individual OC192 data streams. 

[0032] Note, however, that the FEC units 52 which are part of a group of processing 
branches which handle one OC768 data stream share a common clock m the 
exemplary embodunent of Figure 4. Since these processing branches have data which 
needs to be recombined at the receivmg terminal, the data frames processed m each 
branch within the group are synchronized for transmission to ease the reconstruction 
process. Additionally, the interface provided in the terminal for receivmg OC768 
data streams according to the present invention includes other mechanisms for 
synchronizing these data streams as will become apparent from the following 
discussion of an exemplary receive interface with respect to Figure 5. 

[0033] Therein, a WDM signal is received, e.g., from an undersea optical fiber, at 
wavelength demultiplexer 60. Each channel (wavelength) is processed by a 
respective receive processing unit 62, e.g., to demodulate and O/E convert the 
received optical signal. The processed signals are then forwarded to respective 
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demultiplexers 64 which, in this example, divide the substantially OC192 data 
streams into 16 slower data streams for FEC decoding. Unlike the transmit interface, 
however, the receive interface also includes a logic function (in this example 
represented by field programmable gate array (FPGA) 66) which aligns the four 
5 portions of the OC768 data stream in time so that they can be properly recombined to 
accurately reconstruct the terrestrial OC768 data stream that was input to the transmit 
interface prior to transmission. 

[0034] This particular feature of the present invention is significant because, even 
though the transmit interface provides for synchronous transmission of each channel 
10 used to convey a portion of the OC768 data stream, properties of the optical fiber 
through which these channels propagate tend to spread them out in time. This 
characteristic of optical fiber as it applies to WDM signals is known as group velocity 
delay (GVD). FPGA 66, in conjunction with FEC units 68, compensate for GVD of 
the four channels which carry an OC768 data stream. More specifically, each 
\|15 channel carries data in frames, which frames can include headers with count values 
^" that can be identified in the FEC units 68. In this exemplary embodiment, the FPGA 
66 obtains timing/header information from each of the FEC units 68 and uses that 
bl information to adjust the relative timing of each of the channels which comprise the 
i5 OC768 data stream prior to recombining them in multiplexer stages 70 and 72. For 
'"20 example, as seen in Figure 6, suppose that FPGA 66 identifies tunes tj, t2, tj and 14 as 
the beginning times for frames l,N + l,M+landL + l, respectively, which are the 
first received frames in channels 1-4 which comprise an OC768 data stream. In such 
a case, FPGA 66 can then align the data within each channel by advancing or 
retarding the data streams relative to one another, e.g., using a FIFO or an elastic 
25 store, based on the known timing values for each channel. 

[0035] The FEC decoded, composite OC768 data stream is output from multiplexer 
72 into E/O conversion unit 74. Again, as with the transmit interface, the 
multiplexing stages 70 and 72 can be combined into a single stage or distributed into 
more than two stages. The optical OC768 stream is then provided to switching unit 
30 76 where it is switched onto a terrrestrial OC768 resource (not shown). 



[0036] The aforegoing exemplary embodiments serve to illustrate one way in which 
hybrid interfaces according to the present invention can be implemented. Those 
skilled in the art will appreciate that many variations are possible and contemplated 
by the present invention. For example, the mechanism for aligning the channels 
5 which comprise an OC768 data stream in time need not be an FPGA but, more 
generally, can be a logic function which resides either within the FEC units or 
external thereto. If the logic function for aligning the portions of the OC768 data 
stream is external to the FEC units it can also be hnplemented as an ASIC or any 
other logic device. 

10 [0037] The grouping of channels for handling data streams at rates exceedmg OC192 
in accordance with the present invention can also have other unpacts on optical 
communication system design. Each group of channels will, preferably, be 
transmitted over the same optical fiber to minimize the differences in, e.g, GVD, for 
grouped channels. Moreover, each group of channels can be identified as a shared 

15 risk linked group (SRLG) for purposes of management by a network management 
system (NMS). This might lead, in torn, to the groups of channels being operated on 
collectively, e.g., for fault management. For example, if one of the channels within a 
group fails for some reason, then all four of the channels might be designated as 
unusuable or switched from a service fiber to a protect fiber. 

20 [0038] Although the foregoing exemplary embodunents describe a designation of 
certain channels for use in conmiunicating OC768 data streams and certain channels 
for use in communicating OC192 data streams, such a designation need not be fixed. 
For example, by inserting a switching matrix between the FEC xmits 52 and the 
multiplexers 54 on the transmit side (and the FEC units 68 and demultiplexers 64 on 

25 the receive side), the number of channels which are allocated for OC768 and OC192 
data stream handling can be varied. This featore of the present invention is made 
possible by the fact that the same components, e.g., FEC units, muhiplexers, 
demultiplexers, transmitters and receivers, are used to handle both types of data 
streams. 
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[0039] The present invention can also be expanded to include data streams having 
other rates. For example, as shown in Figure 7, interfaces according to the present 
invention can also accommodate OC48 data streams. In this figure, the same 
reference numerals are used to reference similar units as in Figure 4, the descriptions 
of which are omitted here. In addition to the OC192 and OC768 processing 
branches described above, an OC48 processing branch has been added. Therem, four 
OC48 data streams are grouped together by the switching unit 40 for transmission on 
a particular channel. These fom- OC48 data streams are O/E converted at unit 80 
prior to being demultiplexed into 16 622 Mbps data streams by unit 82. The resulting 
data streams are then FEC encoded, multiplexed and processed for transmission as in 
the other processing branches. 

[0040] The hybrid nature of interfaces according to the present invention is not 
lunited to having different rate inputs and outputs of the optical communication 
system. For example, the present invention provides techniques for transmitting 
OC768 data streams over WDM channels operating at OC192, which techniques can 
be used independently from the transmission of OC48 and OC192 data streams. That 
is, according to one exemplary embodunent of the present invention, an interface can 
be configured as illustrated in Figures 4 and 5, but without the OC192 mputs, outputs 
and processing branches. 

[0041] Additionally, although the foregomg exemplary embodiments have been 
illustrated using various OC data stream rates, those skilled in the art will also 
appreciate that the present invention provides techniques which can be used to 
accommodate the transmission of any data rate which may be desirable in optical 
communication systems, e.g., 20 Gbps or 80 Gbps. 

[0042] The groups of channels or SLRGs described in accordance with the present 
invention are can be implemented using different network protection architectures, 
such as mesh architectures, unprotected architectures, 1 + 1 protection schemes, 1:N 
protection schemes. 

[0043] The preferred embodmients have been set forth herein for the purpose of 
illustration. However, this description should not be deemed to be a lunitation on the 
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scope of the invention. Accordingly, various modifications, adaptations, and 
alternatives may occur to one skilled in the art without departing from the scope of 
the claimed inventive concept. 



